Applicability of Al-MCM-48 as a catalyst for the linear low density polyethylene (LLDPE) degradation was investigated using a thermogravimetric analyzer as well as a batch reactor. The degradation products were analyzed by GC/MS, GC-TCD and GC-FID. The activation energy of LLDPE degradation was lowered by the addition of Al-MCM-48. The oil and gas yields were higher over Al-MCM-48 than those over Si-MCM-48. Al-MCM-48 generated mainly C 7 -C 10 hydrocarbons, while Si-MCM-48 exhibited the relatively broader distribution of the oil products (C 8 -C 14 ). Al-MCM-48 showed high catalytic stability for the LLDPE degradation.
Introduction
Most waste plastics in Korea has been landfilled or incinerated despite of its high potential for recovering high value-added compounds or fuels. Among a number of effective tools to recycle waste plastics, catalytic degradation has been recently considered as one of the most promising technologies because it can improve the product selectivity and reduce energy input. Most previous studies on catalytic degradation of plastics have used microporous catalysts like zeolites [1] . Owing to larger openings, the mesoporous materials are capable of offering higher accessibility of bulky substances like plastics to inner active sites more effectively. Recent reports on MCM-48 suggest that the cubic structure would be suitable for catalytic reactions, and three-dimensional interwoven structure would resist pore blockage [2] . In spite of these advantages, very little attention has been paid to exploration of the applicability of MCM-48 materials to catalytic degradation of plastics. We report the catalytic performance of MCM-48 materials on the degradation of LLDPE in view of pyrolysis kinetics, characteristics of products and catalytic stability.
Experimental Procedure
Linear low density polyethylene (LLDPE) in powder form was supplied from Samsung Total Co., Ltd. in Korea. Silica form of MCM-48 was synthesized through hydrothermal synthesis methods [3] using cetyltrimethyl ammonium bromide as a templating agent. Aluminum incorporated form (Si/Al=30) of MCM-48 was synthesized via post grafting route [4] . Degradation kinetics of LLDPE over catalysts was evaluated with a thermogravimetric analyzer (TGA 2050, TA Instrument). Thermogravimetric analysis (TGA) was carried out with 14 mg(LLDPE : catalyst=1:1) from 30 to 600 at linear heating rates of 5, 10, and 20/min under nitrogen atmosphere at a flow rate of 90 ml/min. Friedman method [5] was introduced for kinetic analysis. To assess the deactivation extent of Al-MCM-48, the catalyst was repetitively applied to TGA with fresh LLDPE over five times without the regeneration of spent catalyst during TGA experiments. The catalytic degradation of LLDPE was also performed in a fixed bed batch reactor. A well-mixed sample with different ratio of LLDPE to catalyst was charged into the reactor. The experimental system was purged with an inert nitrogen flow of 50 ml/min for 1 hr before the reaction. The catalytic degradation of LLDPE was carried out at 430 for 2 hr. The degradation products were analyzed by GC/MS (HP 5973i), GC-TCD and GC-FID (ACME 6000, Young Lin Instrument Co., Ltd).
Results and Discussion
Pyrolysis Kinetics. Fig. 1 shows the TG and DTG curves of thermal and catalytic degradation of LLDPE over Si-MCM-48 and Al-MCM-48. The degradation temperature of LLDPE was decreased by the addition of catalysts, compared with thermal degradation alone. Table 1 shows the result of apparent activation energy of LLDPE degradation over catalysts. Aluminum incorporation into the mesoporous silica material can generate both Brönsted and Lewis acidities required for acid-catalyzed reactions, whereas pure silica materials do not possess enough intrinsic acidity or reactivity to be used as a catalyst [6] . The activation energy over Al-MCM-48 was much lower than that over Si-MCM-48. This result suggests that Al-MCM-48 may be used as a promising catalyst for LLDPE degradation. Catalytic degradation of LLDPE. Table 2 shows product distribution of LLDPE degradation. The conversion of catalytic degradation was much higher than that of thermal degradation. In addition, the conversion over Al-MCM-48 was higher than those over Si-MCM-48 because of the difference in catalytic activity by the presence of acid sites. As shown in Table 3 , the gas product distribution over Si-MCM-48 catalyst was similar to that over Al-MCM-48. Fig. 2 shows the oil product distribution over MCM-48 catalysts. Al-MCM-48 generated mainly C 7 -C 10 hydrocarbons, while Si-MCM-48 exhibited the relatively broader distribution of the oil products (C 8 -C 14 ). Catalytic stability of Al-MCM-48. Fig. 3 shows the TG curves obtained from five repetitive TGA experiments of LLDPE degradation over Al-MCM-48 without the regeneration of the catalyst. At each run, Al-MCM-48 showed almost similar degradation curves. This is mainly due to the fact that the three-dimensional pore structures of Al-MCM-48 may resist generating cokes. In conclusion, Al-MCM-48 is a very stable catalyst for the LLDPE degradation. 
Conclusions
The activation energy of LLDPE degradation was lowered by the addition of Al-MCM-48. The oil and gas yields were higher over Al-MCM-48 than those over Si-MCM-48. Al-MCM-48 generated mainly C 7 -C 10 hydrocarbons, while Si-MCM-48 exhibited the relatively broader distribution of the oil products (C 8 -C 14 ). Al-MCM-48 showed high catalytic stability for the LLDPE degradation.
